Abstract. The biotransformation of digoxigenin by Colletotrichum lini AS3. 4486 was investigated. The conversion reaction was carried out in a 72h process, and the sole products was isolated by column chromatography and elucidated as digoxigenone by HR-ESI-MS, 1 H-NMR , 13 C-NMR and single-crystal X-ray diffraction. The crystal of digoxigenone belongs to triclinic, space group P1 with 7.4017 (15), 7.7450 (15), 10.215 (2) Å , α = 99.51(3), β = 94.70 (3), γ = 114.97 (3)°, Z = 1. This study povides a new method for the synthesis of digoxigenone.
Introduction
Digoxin and digitoxin, the typical clinically used forms, are the drugs of choice for the treatment of congestive heart failure (CHF), acting as selective inhibitors of the Na + , K + -ATPase enzyme [1] . The mechanism of their action for the treatment of CHF arises from the inhibition of Na + , K + -ATPase, with a resulting increase in intracellular calcium concentrations [2, 3] .
The biotransformation of steroidal compounds has been extensively studied, including conversion reactions of cardiac glycosides. So far the main reactions of cardenolide biotransformation were hydroxylation in different positions of the steroidal skeleton. It has been found to obtain derivatives of digitalis cardiotonics by plant cell cultures and the conversion of digitoxin into digoxin had been successful [4] . Digitoxigenin has been converted into digoxigenin and digoxigenone by Fusarium ciliatum and into 1 beta-hydroxydigitoxigenin,7 beta-hydroxydigitoxigenin, 8 beta-hydroxidigitoxigenin, and digitoxigenone by Cochliobolus lunatus [5, 6] . In this paper, we studied the biotransformation of digoxigenin by Colletotrichum lini AS3. 4486 and purified and identified the conversion product.
Materials and methods

Strain and medium
Colletotrichum lini AS3. 4486 was bought from Institute of Microbiology, Chinese Academy of Sciences. C. lini was maintained on potato dextrose agar slants (PDA), at 4 °C.
Culture conditions
Two consecutive cultivation steps for C. 
Chemicals
Digoxin was obtained from Xi'an Shan-Chuan Biotechnology Co., Ltd (China). The silica gel column (200~300 mesh) was bought from Haiyang Chemical. & special silica gel CO., Ltd (Qingdao).
Digoxigenin was obtained by the acidic hydrolysis of digoxin. A portion of digitoxin (1 g) was dissolved in CH 3 CH 2 OH (50 mL) under sonication, followed by addition of aqueous 1 mol/L HCl (1 mL). The solution was heated at 90°C, for 5h, followed by an extraction with CHCl 3 (3 × 100 mL). The organic layer was neutralized with saturated NaHCO 3 aqueous solution and concentrated until the residue (421 mg) was obtained.
General biotransformation procedures
The experiment was conducted in shaking flasks (250 mL) containing 40 mL liquid medium inoculated with C. lini AS3. 4486. The flasks were shaken at 25C with 210 rpm for 24 h. Digoxigenin was dissolved in ethanol (50 g·L -1 ) and distributed among the flasks (0.34 g·L -1 ), except one kept as a control, and then the reaction was allowed to proceed for 48 h. The mycelium was filtered. The biomass and the broth were separately extracted with ethyl acetate (100:1 g/v, 4:1 v/v) in a separator funnel. All extracts were combined and the solvents were evaporated under reduced pressure at 60C until a residue was produced.
Purification of product
The crude extracts were purified by Si gel column using chloroform/methanol (25:1, v/v) and analyzed by TLC with the developing solvent (chloroform: methanol: benzene = 10:2:5, v/v/v).
General analysis methods
HR-MS spectra was recorded on a Bruker APEX. 1 H HMR, 13 C NMR and NOE difference spectra were measured on a Bruker AV400 Instrument (400MHz) with CDCl 3 as the solvent. Chemical shifts (δ) are given in ppm and J couplings in Hertz (Hz).
Crystallographic measurement was performed using an Oxford Cryosystem device on a Rigaku Saturn CCD area-detector diffractometer with a graphite-monochromated Mo Ka radiation. The structure was solved by Direct Methods (Sheldrick) and refined by the full-matrix least-squares on all F2 with anisotropic displacement parameters for all non-hydrogen atoms using SHELXL-97 (Sheldrick). The H atoms of hyadroxyl were geometrically placed O-H = 0.82 Å and refined as riding with Uiso(H) = 1.5Ueq(O). The water H atoms were located from a difference map and refined freely.
Results and Discussion
Digoxigenin was subject to biotransformation by cultured cells of C. lini AS3. 4486. The conversion reaction proceeded efficiently, and substrate was almost entirely converted in 72 h. The conversion was confirmed by TLC (shown in Fig. 1) . The results revealed that the sole product with R f value of 0.35 was yielded. The product was purified by silica gel column chromatography, and identified by HR-ESI-MS, 1 H-NMR, 13 C-NMR and single-crystal X-ray diffraction. The product was a kind of white power; The HR-ESI-MS m/z 411. (C-4) , 43.97 (C-5) , 27.06 (C-6) , 21.91 (C-7), 41.58 (C-8) , 33.57 (C-9), 35.37 (C-10), 30.80 (C-11), 74.43 (C-12) , 56.85 (C-13), 85.29 (C-14) , 30.87 (C-15) , 27.91 (C-16), 46.66(C-17) , 10.15(C-18), 22.57 (C-19) , 174.63 (C-20) , 74.02 (C-21) , 117.58 (C-22) , 176.32 (C-23) .
The high-resolution mass spectrum of the product, which showed a [M+Na] +1 peak at m/z 411.2142, corresponding to the formula C 23 H 32 O 5 , 2 amu higher than the substrate.
The spectroscopic analysis of digoxigenin was previously reported by Fernã C. Braga [5] .The 1 H NMR spectrum displays signals at δ3.74, δ5.25 and δ6.23 corresponding to the the hydroxyl group at C-3 and the α, β unsaturated lactone protons respectively, as well as the appearance of the methyl groups functional group (δ0.88 and δ1.23). The direct evidence presented by the authors for formation of the digoxigenin was a methane hydrogen bearing a hydroxyl group (δ4.14).
Spectroscopic analysis of of the product showed that the signals in the 1 H-NMR spectrum of digoxigenin wholly appear in those of the product, except for the signal at δ4.14(H-3). The major differences of the 13 C-NMR spectra between the product and digoxigenin were the presence of a carbonyl carbon signal (δ211.19) and the absence of the C-3 carbinol carbon signal (δ66.70) in the product. In total, these data strongly suggest that the product is digoxigenone, a the product from digoxigenin oxidation at C-3.
The crystal structure and packing structure of the product are shown in Figs. 2 and 3 , respectively. The selected bond lengths and bond angles are listed in Table 1 . 
0.8200 C(4)-H(4B) 0.9700 C(9)-C(10) 1.561 (3) Intermolecular H-bonds are found in the crystal stacking. A part of stacking configuration is given in Fig. 3 , which shows the molecular arrangement of the product . There were three types of intermolecular hydrogen bond interactions: between solvent water molecule and carbonyl of adjacent digoxigenone molecule, hydroxyl of digoxigenone molecule and hydroxyl of adjacent digoxigenone molecule, and hydroxyl of digoxigenone molecule and solvent water molecule. The detailed data of hydrogen bonds are listed in Table 2 . 
